In this work, the effect of annealing on Au-CuO films obtained by chemical bath deposition method was studied in terms of their structural, electrical and optical properties. Annealing process was carried out at an oxygen environment. The CuO peaks were detected using X-ray diffraction and all of the films were polycrystalline. Crystal size, preferential orientation, and surface tension were estimated from XRD data. The surface morphology and thickness of the films was determined using a field emission scanning electron microscope. Energy dispersive Xray analysis stated average atomic percentages of Au in the films. The electrical resistivity values of the films determined using four probe methods varied from 155.74 to 496.87 Ω.cm. The optical properties of the films were determined using the optic spectrometer. The energy band gap values, extinction coefficient, refractive index and dielectric coefficient of the films were also calculated.
INTRODUCTION
In the past decades, the researchers focus on cupric oxide (CuO) due to environmental suitability, low-cost production, easily-formed and thermodynamically stable [1] [2] [3] . According to the results of research, CuO thin film can be used in gas sensor [4] , solar cell [5] , lithium cell [6] , and so on. To fabricate CuO thin film, there are different methods such as RF magnetron sputtering [7] , chemical spray pyrolysis [8] , successive ionic layer adsorption [9] , and chemical bath deposition (CBD) [10] . In this work, CBD is used due to the simple requirement, and reproducibility [11] [12] . To change the structural, electronic and optical properties of CuO thin films, researchers either annealing or doped [13] [14] [15] [16] [17] [18] . So, they added different features to CuO. For example, Au was doped to CuO films to detect gases by Ando et al [19] and Proença et al [20] . The CuO films were annealed at a different temperature to fabricate the photovoltaic device, sensor, by Marzukil et al [13] and Gopalakrishana et al [14] . In this work, it was examined how the structural, optical and electrical properties of Au-CuO films changed with annealing.
EXPERIMENTAL DETAILS
The Au-CuO films were deposited on glass substrates by using chemical bath deposition. The glass substrates were cleaned using acetone, ethanol, isopropyl alcohol, followed by rinsing with double distilled water. Cu (20-40 nm) and Au (5 nm) nanoparticles were purchased from Alfa Aesar and Aldrich, respectively. The solution containing Cu nanoparticles was prepared with a mixed solvent comprised of ethylene glycol (10 ml), ethanol (10 ml) and DI water (10 ml). 0.07 gr of Cu nanoparticles were added to the pre-mixed solvents. It was stirred vigorously and to appear homogeneous and dark green in color. After that Au nanoparticle becoming different ratio (0-500 μl) added to solution. The solution was stirred by an ultrasonic bath for 20 min. The color of solution didn't change. After vigorous stirring, substrates were placed in the solution and experimental process was carried out in the oven at 80 °C for 5 h. The films were then dried at room temperature for 24 h then annealed in an oxygen environment at 500 C for 1 h. The structural properties of the films were investigated by X-ray diffraction (XRD; Rigaku SmartLab.) with Cu-Kα radiation (λ=1.54178 Å) in the 2θ range of 30-90° with 3.02°/min scanning speed. Crystalline phases were determined using the Joint Committee of Powder Diffraction Standards (JCPDS) files. The morphology structure and elemental composition of Au-CuO films were investigated with a Zeiss Gemini 500 filed emission scanning electron microscopy (FESEM), attached with energy dispersive spectroscopy (EDX). To determine the electrical properties, the home-made four probe system was used. The optical properties of films were obtained with a double beam spectrophotometer Perkin-Elmer Lambda 25 at room temperature, taking air as reference.
RESULTS AND DISCUSSION

Structural Properties of Au-CuO Films
The XRD patterns of the obtained films were investigated to analyze changes in the composition. According to XRD data in Figure 1 , there is CuO monoclinic structure (PDF=1011194) in the structure. In the films, no Au nanoparticles were observed in the XRD pattern ( Figure 1 ). However, the presence of Au nanoparticles in the films was confirmed using EDX analysis ( Figure 4 ). This may be due to the fact that Au nanoparticles can enter the crystal lattice of CuO. 
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Figure 1. XRD patterns of Au-CuO films
The average crystallite size was calculated with the Scherrer formula (Equation (1)
where  is the X-ray wavelength (=1.5405 Å),  is the angular width at half maximum intensity (FWHM) of the peak,  is the Bragg angle [21] . The crystal size of films changed between 151.61 nm to 157.59 nm.
To determine the preferred orientation of crystalline planes, the texture coefficients TC (hkl) are calculated using the Harris analysis technique (Equation (2)) [21] (ℎ ) =
where Tc(hkl) is the texture coefficient of (hkl) plane, I(hkl) is the intensity measured for (hkl) plane, Io(hkl) is the intensity of (hkl) plane taken from standard data in PDF cart agreement in the X-ray diffraction pattern of material, N is total reflection number, n is diffraction peak number. The texture coefficient of the films has an orientation (002). The defective location density () which gives the number of defects in the structure is calculated Equation (3) [21]
The low value of the defective location density shows crystallized well. The micro-strain of films (ε) is determined Equation (4)
where β the full-width half-maximum and θ the diffraction angle. Microstresses are caused by the ionic radius between the Au and Cu (Figure 2 ). It was found that the surface tension and the location density of the films were changed in this process ( Figure 2 ). The structural parameters of the Au-CuO films were shown in Table 1 . 
Morphological Properties of Au-CuO Films
The FESEM micrographs displayed in Figure 3 show the surface morphology and cross-section of annealed Au-CuO films. The average film thickness was obtained from the cross-section images of the films. The thickness values changed as 0.879, 1.084, 1.126, 1.392, 2.631 µm, respectively ( Figure 3 ). This could be an increase in the porosity. This porosity structure can be used to make gas sensor [22] . 
The insets depict corresponding cross-section FESEM images
Energy-dispersive X-ray spectroscopy (EDX) analysis of the films is depicted in Figure 4 . The EDX results display the essence of dopant Au element in the investigated sample. It was found that the atomic percentage increased with increasing Au concentration. 
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Electrical Properties of Au-CuO Films
The home-made four probe method was used to estimate the resistivity of the films at room temperature.
The changes in resistance of the films are shown in Figure 5 . According to Figure 5 
Optical Properties of Au-CuO Films
The optical transmittance of Au-CuO films are shown in Figure 6 . The transmittance pattern of the films is changing 9-35% at 700 nm. The reason is that the thickness of films increased with increasing the Au doping ratio. 
where R is the reflectance, A is the absorbance [23] . The reflection spectrometer of the films depending on the wavelength is indicated in Figure 8 . = ,
where d is the film thickness and A is the optical absorbance value. Α was used to estimate the direct energy band gap value of the film (Equation (7))
where K is a constant, h is photon energy and Eg is the band gap energy. In the films, the band gap varied between 1.86-2.09 eV and increased with doping ratio (Figure 9) [24]. Figure 9 . Plot of (αhυ) 2 
versus photon energy curves of Au-CuO films
The extinction coefficient (κ) and refractive index (n) were also calculated using the data obtained from the optical spectrum. To determine κ and n we used Equation (8) [23]
The extinction coefficient varied from 0.02 to 0.03 at 700 nm ( Figure 10 ). Extinction coefficient For all of the films, the refractive index has a constant value between 500 and 1100 nm, it reduced between 320 and 500 nm (Figure 11 ). 400 500 600 700 800 900 1000 1100 The dielectric constants of the films were calculated via the data from the optical spectrum (Equations (10)-
The variation of ɛ1 with wavelength is depicted in Figure 12 . ɛ1 values of all the films decreased with increasing wavelength. 
CONCLUSIONS
In this study, Au-CuO films produced by CBD method were annealed at 500 °C in 1 hour. XRD analysis studies show that the CuO phase in the monoclinic structure was detected in the annealed films but there was no Au peak in this film. In the FESEM images, it was determined that the surface structure changed. The resistance of the films obtained by the four-probe method was changed by annealing (155.74-496.87) processes. All films obtained have a higher absorption in the IR region. The energy band gap varied between 1.86-2.09 eV for the films. According to this work, Au-CuO films can be structurally, electrically and optically modified by annealing.
